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Multiple-baseline and probe procedures are combined into a “multiple-pro tech-
nique. The technique is designed to provide a thorough analysis of the relationship be-
tween an independent variable and the acquisition of a successive-approximation or
chain sequence. It provides answers to the following questions: (1) What is the initial
level of performance on each step in the training sequence? (2) What happens if se-
quential opportunities to perform each next step in the sequence are provided before
training on that step? (3) What happens when training is applied? (4) What happens
to the performance of remaining steps in the sequence as criterion is reached in the
course of training each prior step? The technique features: (1) one initial probe of each
step in the training sequence, (2) an additional probe of every step after criterion is
reached on any training step, and (3) a series of “true” baseline sessions conducted just
before the introduction of the independent variable to each training step. Intermittent
probes also provide an alternative to continuous baseline measurement, when such mea-
surement during extended multiple baselines (1) may prove reactive, (2) is impractical,
and/or (3) a strong @ priori assumption of stability can be made.
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Multiple-baseline design is a method of estab-
lishing the reliability of an environmental inter-
vention in altering behavior (Baer, Wolf, and
Risley, 1968; Hersen and Barlow, 1976). It
shows the functionality of the intervention by
demonstrating that the intervention apparently
produces the same kind of behavior change (1)
across a variety of behaviors of the same subject
within a given setting, or (2) across a variety of
settings for the same behavior of a single subject,
or (3) across a variety of subjects displaying the
same behavior in the same setting, or (4) more
controversially, various combinations of these:
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e.g., across different subjects, each displaying a
different behavior in a different setting, all of
which nevertheless respond to the common in-
tervention in a similar manner, thereby estab-
lishing Sidman’s criterion of functional contigu-
ity (1960, pp. 37-40) in a maximally systematic
replication (Chapter 4) within a single design.
In essence, this family of designs examines sin-
gle changes from baseline in each baseline case.
Reversals are always possible, of course, and have
been recommended by Kazdin and Kopel
(1975); but the design then becomes a reversal
design as well. The present argument is meant
for designs that are only multiple-baseline de-
signs. Without reversals, the reliability of the
single changes from baseline, which constitute
the multiple-baseline design, is potentiated in
that design by allowing each baseline to run for
a different number of points before intervening;
this potential reliability then is realized if system-
atic behavior change in fact promptly follows
on each intervention into each baseline. In that
event, it appears that behavior change not only
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is correlated with the intervention, but in addi-
tion it can be seen that on all other baselines,
within which interventions are not occurring at
the same time, no similar behavior change is evi-
dent. Thus, both sides of the correlation between
intervention and behavior change are observed;
where intervention is applied, change occurs;
where it is not, change does not occur.

Then it will be a grave weakness in any multi-
ple-baseline design if any of the currently un-
changing baselines in which interventions are not
occurring (while they are occurring in some
other baseline) in fact coxld not have changed
at that time, intervention or no intervention. For
example, consider four multiple baselines repre-
senting the addition, subtraction, multiplication,
and division skills of an unskilled arithmetic stu-
dent. Zero scores on the addition, subtraction,
and multiplication baselines guarantee zero
scores on the division baseline (short of mem-
orization of the problems and answers presented,
of course, a possibility that a competent design
ought to have avoided)—generalized division
ordinarily requires generalized skills of addition,
subtraction, and multiplication before it can be
learned. Thus, during those parts of a multiple-
baseline design displaying zero ability levels in
the addition, subtraction, and multiplication
baselines, the inevitable zero scores on the divi-
sion baseline have no real meaning: division
could be nothing else than zero (or chance, de-
pending on the test format), and there is no real
point in measuring it. Such measures are pro
forma: they fill out the picture of a multiple
baseline, true, but in an illusory way. They do
not so much represent zero behavior as zero op-
portunity for the behavior to occur, and there is
no need to document at the level of well-mea-
sured data that behavior does not occur when it
cannot.

This article offers a compromise between
these considerations and the usual format of the
multiple-baseline design. A procedure is sug-
gested that provides a method for establishing a
thorough analysis of the functional relationship
between an independent variable and the acqui-
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sition of a sequence of successive approximations,
or a chain. In addition, it provides an alternative
to continuous measurement during extended
multiple baselines. The procedure combines mul-
tiple-baseline and probe techniques and will be
referred to as a “multiple-probe” technique.

Stolz (1976) pointed out the limitations of
using reversal and multiple baseline techniques
in applied settings. She suggested that probe pro-
cedures be used as an alternative to test the ex-
tent that behavior has become independent of
treatment contingencies and responsive to natu-
ral consequences. Verhave (1966) defined a
probe as “a change in conditions at some arbi-
trary point in an experiment made to evaluate or
test for the conditions currently in control” (p.
529). This evaluation or testing function usually
is maximized if the probe (1) produces responses
that have no sceduled consequences, (2) is sched-
uled infrequently within other conditions, and
(3) is relatively nonreactive.

APPLICATIONS

Application to a Chain or Successive
Approximation Sequence

When applied to a chain or successive-approx-
imation sequence, the main features of the mul-
tiple-probe technique are: (1) an initial baseline
probe session conducted on each of the steps in
the training sequence, (2) an additional probe
session conducted on every step in the training
sequence immediately after criterion is reached
on any training step, and (3) a series of so-called
true baseline sessions conducted just before each
introduction of the independent variable—a se-
ries that increases by at least one session as each
additional step in the sequence is trained.

Figure 1 illustrates the hypothetical applica-
tion of the multiple-probe technique to the first
five steps of a program designed to establish use
of crutches by a mentally retarded spina bifida
child (Horner, 1971). The figure could be con-
tinued to illustrate the use of the multiple-probe
technique with all 10 steps of the sequence in-
cluded. Hypothetical data (solid squares) have
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Fig. 1. Percentage of trials conforming to the definition of a correct response across the first five steps of a
10-step successive-approximation procedure designed to establish use of crutches by a mentally retarded spina
bifida child (Horner, 1971). Hypothetical data (solid squares) have been added to the original data (open cit-
cles) to illustrate the multiple-probe technique. The arrow at each step indicates the shift of the reinforcement

contingency from one step to the next.

been added to the reported data (open circles) to
enhance the illustration. In the original study,
there were five baseline sessions on the second
step of the procedure to establish use of crutches
(an additional step was added after baseline due
to the zero rate on the original first step). The ef-
fectiveness of training was represented by ac-
quisition data on each of the steps in the proce-
dure.

The original design resembles the changing-
criterion design illustrated in the first case study
presented by Hartmann and Hall (1976). The
design provides a procedure for demonstrating a
relationship between an independent variable
and a behavior subjected to progressive changes
in the performance criterion. It provides data to

answer one important question: what happens
when training is applied?

The multiple-probe technique, if it had been
applied to the use-of-crutches training sequence,
would have provided measures to answer the
following: (1) What is the initial level of per-
formance on each step in the training sequence?
(2) What happens if sequential opportunities to
perform each next step in the sequence are pro-
vided before initiating training on that step? (3)
What happens when training is applied? (4)
What happens to performance of the remaining
steps in the sequence, as criterion is reached in
the course of training each prior step?

" Probe procedure. The use of the multiple-
probe technique with a chain or successive-ap-
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proximation sequence requires that a probe pro-
cedure be designed to assess performance in each
step of the sequence. The probe procedure for
the use-of-crutches sequence would consist of se-
quentially setting the occasion for unassisted
walking, assisted walking, unassisted standing,
assisted standing, and crutch positioning. Each
probe trial would proceed through the probe se-
quence until success at a specific step in the 10-
step sequence is recorded. Since a probe trial
should be as nonreactive as possible, careful
consideration must be given to arranging the
minimum number of trials required to determine
stability of performance. One trial at each stage
of the probe procedure until a success is scored,
is the minimum that could be provided. The hy-
pothetical probe data in Figure 1 are based on
10 trials at each probe session.

Training procedure. If inadequate or no per-
formance occurs on each step in the sequence
during the initial probe session, the next X ses-
sions would consist of the application of the inde-
pendent variable to the first step in the
program. This would continue until a predeter-
mined performance criterion is met. At this
point, a second probe sequence would be con-
ducted, by again providing the appropriate dis-
criminative stimuli for each step in the sequence.
Performance of the first step should reflect any
influence of the prior application of the inde-
pendent variable. Performance in the remaining
steps of the sequence should reflect: (1) any gen-
eralization or facilitation effects on remaining
steps as a result of the application of the inde-
pendent variable to the first step, (2) the possi-
bility that training of the first step in the se-
quence is all that is required—if all of the
remaining steps are performed without the ap-
plication of the independent variable, or (3) that
criterion performance of the first step in the se-
quence has little or no effect on the performance
of the remaining steps. Next, a baseline session is
conducted, using that portion of the probe proce-
dure that sets the occasion for performance of the
second training step. This provides two consecu-
tive measures in the second training step, before
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application of the independent variable to that
step. Since performance of the second step in the
chain or successive-approximation training se-
quence is assumed to be impossible or unlikely
until the first step has been acquired, these mea-
sures provide the only #rxe baseline performance
of the second step in the sequence. The inde-
pendent variable then is applied to the second
step in the training sequence, to a predetermined
performance criterion. At this point, the third
probe session is conducted in the same manner as
described for the first and second probes. The
next two sessions are baseline sessions; they use
that portion of the probe sequence designed to
set the occasion for the performance of the third
training step. These probes provide three con-
secutive measures of the third training step be-
fore application of the independent variable to
that step. Since performance of the third training
step also is assumed to be impossible or unlikely
until the first two steps have been acquired, these
three consecutive measures provide the only true
baseline performance of the third step in the se-
quence. The next X sessions consist of the ap-
plication of the independent variable to the third
step, etc. until the independent variable has been
applied to each step in the sequence.

The application of the multiple-probe tech-
nique to all the steps of a training sequence at
one time might prove impractical. Since the
training sequence designed to establish use of
crutches has 10 steps, the application of the in-
dependent variable to the tenth step would be
preceded by 10 consecutive true-baseline ses-
sions. These sessions would be preceded by nine
probe sessions. So large a number of baseline
sessions could lead to the same difficulties en-
countered in the use of extended baselines in the
multiple-baseline technique. When a training se-
quence has a large number of steps, it probably
is better to break the sequence into several
smaller (three- to five-step) sequences and apply
the multiple-probe technique to each smaller
sequence separately.

Since the data in Figure 1 are hypothetical,
the absence of variability in illustrating the ap-
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plication of the training procedure detailed above
is intentional. The hypothetical data for Steps 0
through 3 at Session 70 have introduced varia-
bility, in an attempt to illustrate how such per-
formance would be graphed. The original data
on Step 4 at this point reveal that the child inde-
pendently attained a standing position and placed
the crutches forward with assistance on 12 of the
25 trials (48% on Step 4). The hypothetical data
at Steps 1, 2, and 3 indicate that the child pro-
gressed to independent standing on eight trials
(32% on Step 3), required initial assistance in
standing on three trials (12% on Step 2), and re-
quired total assistance in standing on two trials
(8% on Step 1). The hypothetical data at Step
0 at this point indicate that the child did not
“position crutches only” on any of the trials (0%
on Step 0).

If all the data presented for the first five steps
had been based on actual experimentation, the
answers to the questions the multiple-probe tech-
nique is designed to answer would be as follows:
(1) the initial performance on each of the first
five steps in the training sequence was at a zero
level, (2) sequential opportunities to perform
the next step in the sequence before initiating
training on that step had no effect, except that
(3) the performance on Step 3 was slightly above
prior performance during probe sessions, indi-
cating some small generalization or facilitation
effect, as criterion performance was attained on
Step 2. Probes of performance on remaining
steps (as criterion was reached on Steps 0, 1, and
3) showed no change. The data indicate that the
independent variable has a reinforcing effect on
these behaviors. Performance showed little or no
change from probe and true-baseline levels until
the independent variable was applied sequen-
tially to each step in the sequence.

Application as an Alternative to
Continuous Baseline Measurement

The multiple-probe technique also can be used
to replace the continuous baseline measurement
of the traditional multiple-baseline technique in
those instances when measurement during ex-
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tended baselines (1) may prove reactive, (2) is
impractical, and/or (3) a strong # priori assump-
tion of stability can be made. This type of appli-
cation has been reported in the literature.

Probe procedures during baseline have been
used to determine whether training certain mem-
bers of a behavior class affects other (untrained)
members of the same class. For example, Schu-
maker and Sherman (1970) used multiple base-
lines of probe sessions to determine when se-
quential training of verbs in present- and
past-tense forms generalized to the production of
these tenses with untrained verbs. The probe
sessions followed each training session in which
a criterion was met. Garcia, Baer, and Firestone
(1971) used a multiple-baseline technique to
introduce sequential training of imitative small-
motor, large-motor, and short-vocal responses.
As criterion performance on each pair of trained
responses was met, a probe measured unrein-
forced generalization to untrained small-motor,
large-motor, short-vocal, and long-vocal re-
sponses.

Probe sessions also have been used as a base-
line from which to determine (later) the effects
of an independent variable. Baer and Guess
(1971), in a language-training program, used
probes to detect any generalization of training to
respond to specific comparative and superlative
adjectives. Probes of superlative relationships
during comparative training served as a baseline
in which to determine the effects of later super-
lative training. Striefel and Wetherby (1973) es-
tablished multiple baselines of probes across re-
sponses to different verbal instructions, to
evaluate the effects of later sequential training
to follow specific verbal instructions. A similar
baseline was established by Striefel, Bryan, and
Aikins (1974) to evaluate the effects of a stimu-
lus-control transfer procedure. Although these
applications were across behaviors, the use of
intermittent probes to replace continuous base-
lines also could be used across individuals and
settings.

Reactive baselines. The utility of the continu-
ous baselines of the traditional multiple-baseline
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technique is limited when the occasion for per-
formance of the behavior is controlled by the
experimenter and may prove reactive. The ab-
sence of the antecedent or consequent events
that will be used later to develop these behaviors
can result in extinction or worse, especially of
those behaviors that have the longest baselines.
This may confound or mask the effects of the in-
dependent variable. In such cases, the indepen-
dent variable must have sufficient power not only
to develop behavior, but also to overcome any
extinction, boredom, fatigue, or other effects in-
troduced through the use of extended baselines.
For example, in the study by Panyan, Boozer,
and Morris (1970), baselines of the application
of operant techniques by the staff of several in-
stitutional living units showed a dramatic drop in
the percentage of training sessions conducted, as
the baselines progressed. During treatment, the
feedback procedure was in effect several weeks
before the percentage of training sessions con-
ducted recovered the levels of the first few weeks
of baseline. In addition, the living unit with the
longest baseline also required the longest time
before application of the independent variable
demonstrated an effect. This is not a criticism of
the Panyan ez 4l. study, as remediation of ex-
tinction effects was the variable under study. It
serves as a possible example of the additional
power required to overcome long-baseline ef-
fects. Horner and Keilitz (1975) reported an in-
crease in irrelevant and competing behaviors, in
the subject with the longest baseline, during
baseline measures when the occasion for tooth-
brushing was set by the experimenters and other-
wise did not occur. During baseline, the mentally
retarded subjects engaged in such behaviors as
eating toothpaste, playing in water, and spitting
toothpaste foam on the mirror. These behaviors
were performed increasingly by the subject with
the longest baseline, as the baseline progressed.
Thus, the independent variable had to have suf-
ficient power to develop the steps in the tooth-
brushing program and decelerate irrelevant and
competing behaviors as well. When the depen-
dent variable is affected, despite a deteriorating
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Fig. 2. Number of toothbrushing steps conforming
to the definition of a correct response across four sub-
jects. Hypothetical probe data (solid triangles) have
replaced part of the original data (open circles) to
illustrate the use of probes as an alternative to con-
tinuous baseline measurement.
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baseline or increases in competing behaviors, it
provides additional evidence of the effectiveness
of the independent variable. However, if effects
fail to occur under such conditions, an ambigu-
ous situation is produced: it is not clear whether
a totally inadequate treatment variable, or too
adverse a baseline condition is responsible for the
failure to produce a change.

Figure 2 illustrates the hypothetical use of the
multiple-probe technique to establish a baseline
of the number of toothbrushing steps completed
correctly across four subjects (Horner and Kei-
litz, 1975). The hypothetical probe data (solid
triangles) have replaced the original data points
at Sessions 1, 5, 10, and 15. These data are sep-
arated from the reported data (open circles) to
enhance the illustration. The original data repre-
sented by the open citcles would not have been
collected had the multiple-probe technique been
used. The multiple-baseline technique provided
1, 5, 10, and 15 sessions of continuous baselines
across the four subjects. The multiple-probe tech-
nique, with probes every five days, would have
provided one, two, three, and five probe sessions
to establish baselines across the four subjects.
The multiple-probe technique probably could
have provided a stable baseline with five or fewer
probe sessions for the subject who had 15 days of
continuous baseline in the original study. The use
of the multiple-probe procedure might have pre-
cluded the increase in irrelevant and competing
behaviors by this subject, because such behavior
began to increase after the tenth baseline session.

Practical baselines. Bijou, Peterson, Harris,
Allen, and Johnston (1969) suggested the pos-
sibility of baselines based on intermittent obset-
vations, so that limited observer time can be used
more efficiently to collect data on a larger num-
ber of subjects or across a larger number of
settings. These authors also provided data in-
dicating observations of a child’s frequency of
verbalization to other children collected every
second day differed by an average of only 3%
from daily observations. Observations every
third day differed by an average of only 2%
from daily observations.
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Stable baselines. When baselines are required
for behaviors that typically improve only with
training, a strong & priori assumption of stability
as a function of time often can be made. It then
becomes the task of the researcher to determine
how frequently intermittent estimates of that sta-
bility will have to be provided, for the assump-
tion of stability over time to be accepted by the
research consumer.

DISCUSSION

The multiple-probe technique has an obvious
limitation. The occasions for performing behav-
iors not yet subjected to the independent variable
are less than those in the classical multiple-base-
line technique. If a measure of the effects of
continuous performance before introduction of
an independent variable is required, the multi-
ple-probe technique is not appropriate. When
multiple probes are used as an alternative to con-
tinuous measurement, the only opportunities for
performing a behavior before introduction of
the independent variable are during the probe
sessions. When the multiple-probe technique is
applied to a chain or successive-approximation
sequence, the only opportunities for performing
a step before introduction of the independent
variable are during the probe and true-baseline
sessions. As stated above, experimenter-con-
trolled opportunities for performance in the ab-
sence of instruction or reinforcing consequences
can set the occasion for extinction. If extinction
or possible punishing effects are undesirable,
then the multiple-probe technique reduces the
opportunity for such effects to occur. The multi-
ple-probe technique also avoids the collection of
a continuous series of ritualistic, pro forma zero
baseline points when performance of any com-
ponent of a chain of behaviors or a successive-
approximation sequence is impossible or very
unlikely before acquisition of its preceding com-
ponent.

An additional limitation is one that also ap-
plies to the multiple-baseline design. Following
the logic of Kazdin and Kopel (1975), if intro-
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duction of the independent variable to a com-
ponent of a chain or successive approximation se-
quence results in an increase in not only that
step but in the remaining untreated steps as well,
interpretation is difficult. It could be due to the
generalization or facilitation effects of the inde-
pendent variable, or to the effects of extraneous
variables. However, a different baseline exists for
each step in the sequence, and each baseline rep-
resents either an additional increment in the ap-
proximation sequence or an additional behavior
in the chain. In addition, a reversal could be em-
ployed to rule out extraneous effects. Thus, the
recommendations for minimizing ambiguous re-
sults in the use of the multiple-baseline tech-
nique (Kazdin and Kopel, 1975) also can be ap-
plied to the multiple-probe technique.

In summary, the multiple-probe technique
provides a procedure for collecting data that will
permit a thorough functional analysis of the var-
iables related to the acquisition of behavior
across the components of a chain or successive-
approximation sequence. In addition, intermit-
tent probes provide an alternative method for
establishing stable baselines when continuous
measurement during extended multiple baselines
proves impractical, unnecessary, or reactive.
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